Purpose: Little data is currently available on the use of the impulse oscillometry system (IOS) parameter in analyzing the lung function of young children with cough-variant asthma (CVA) and classic asthma. The aims of this study were to evaluate the bronchial responsiveness between patients with CVA and those with classic asthma using dose-response slope and various cutoff values. Methods: A methacholine challenge test and a pulmonary function test were performed in 43 children with classic asthma and 26 children with CVA using IOS, and the respiratory resistance (Rrs) and reactance (Xrs) were obtained. The bronchial responsiveness were assessed by provocative concentration causing an 80% fall from baseline in reactance at 5 Hz (PC80_Xrs5) and a 40% increase in resistance at 5 Hz (PC40_Rrs5) and calculating from the degree of dose-response slope (DRS) for airway resistance and reactance. Results: There was no significant difference in base lung function between the two groups. However, the mean DRS_Xrs5 and the number who showed more than an 80% fall in reactance were significantly higher in classic asthma group than those in CVA group (P= 0.040 and P= 0.040, respectively).
INTRODUCTION
Bronchial asthma is a main cause of chronic cough in children and cough-variant asthma (CVA), also called "hidden asthma," is diagnosed in children with chronic cough without other causative factors who show bronchial hyperresponsiveness and respond well to conventional asthma therapy. 1) CVA is considered a precursor of classic asthma 2) and 54% of the patients with CVA were found to develop classic asthma in the long-term follow-up studies. 3, 4) Moreover, irreversible pathological changes of the airways due to persistent inflammation may occur in both classic asthma and CVA. 5) However little is known about the mechanism underlying CVA in children and how CVA differs from classic asthma. 6) The impulse oscillometry system (IOS), which requires only passive cooperation, has been extensively used in measuring the lung function of children with chronic cough. 7) Since recent studies have suggested that IOS measurements have a higher sensitivity than forced expiratory volume in 1 second (FEV1) measured through spirometry in determining the obstruction of the peripheral airways, 8, 9) IOS has been more widely used in the diagnosis of asthma in children. However there are limitations in the practical application of the IOS parameters in CVA. Although there are some studies available on bronchial reactivity based on respiratory resistance (Rrs) in school aged children with CVA, 10) the relationship between other IOS parameters including resistance and clinical expression of CVA in preschool children is still unclear. Therefore, we aimed to differentiate CVA from classic asthma on the basis of bronchial responsiveness using various IOS parameters in preschool children.
MATERIALS AND METHODS

Subjects
The participants were 26 children with CVA and 43 children with classic asthma who were referred to the Department of the Pediatric Allergy Clinic at the CHA Bundang Medical Center. The mean age of subjects was 5.3±2.3 years and all subjects tolerated the methacholine challenge testing (MCT) using IOS. We collected the data based on the "stringent index for the prediction of asthma." 11) Past history of atopic eczema and allergic rhinitis of the patient and parental history of asthma diagnosed by doctors were considered as valid information.
The classic asthma group was recruited from subjects who had been previously diagnosed as asthma by medical doctors with recurrent episodes of wheeze and/or dyspnea. The patients had shown responses to intermittent use of inhaled β2-agonists and/or inhaled corticosteroids. The CVA was diagnosed with the presence of chronic cough over 8 weeks without dyspnea and wheeze, no discernible cause of the cough after clinical assessment and chest radiography, and bronchial hyperresponsiveness upon MCT,
showing a clinical improvement with β2-agonist therapy. 1, 10, 12) We excluded the patients with current respiratory infection within one month prior to the study, such as chronic rhinosinusitis, gastroesophageal reflux, habitual cough, and bronchitis identified by physical examination and radiologic exam. Inhaled long acting or short acting β2-agonist and inhaled steroid therapy were withheld for at least 24-48 hours prior to the study. This study was approved by the Institutional Review Board at Bundang CHA Medical Center.
Impulse oscillometry system
IOS was conducted using a Master Screen-IOS Digital Instrument (Jaeger Co., Würtzburg, Germany). Briefly, the real-time respiratory impedance was monitored. The breaths were considered useful for analysis only when a proper signal persisted for at least 20 seconds. After the baseline lung functions were measured twice with an interval of 10 minutes, MCT was performed. 13) The mean Rrs and Xrs value was used as the baseline value. The oxygen saturation was continuously monitored during the testing. 
Measurement of bronchial responsiveness
Previous study showed that more than a 40% increase in Rrs at 6 Hz (PC40_Rrs6) was valuable for diagnosing asthma 15) and more than an 80% decrease from the baseline in Xrs at 5 Hz (PC80_Xrs5) was also considered as a significant marker to differentiate the asthmatics from controls. 16) We assessed PC40_Rrs5 and PC80_Xrs5 using a modified equation described by the ATS guidelines for PC20_FEV1 17) and compared them between the two groups.
We also calculated dose-response slope (DRS) to measure the bronchial responsiveness. DRSs were obtained for Xrs and Rrs as the previous researchers proposed DRS for FEV1. 18 ) First, we obtained the cumulative doses expressed in µmol instead of concentrations expressed in mg/mL in order to compare the results with other publications. 19) In this study, quadrupling increments with the five-breath dosimeter method were used according to the ATS guideline. 20) For the five-breath method, approximately 0.009 mL was delivered to the subject with each inhala- tive, we used absolute value of real numbers.
Statistics
All analyses were performed with the SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). All data were presented as mean±standard deviation, and P-values less than 0.05 were considered significant.
Mann-Whitney U test was used when the two groups were to be compared. The results of DRS were transformed logarithmically because of skewed distribution.
RESULTS
A summary of the demographic and clinical characteristics of participants are shown in Table 1 . There were no statistical differences in age and sex between the two groups. The prevalence of parental asthma, wheezing without colds and eosinophil count greater than 4% were higher in classic asthma group than those in the CVA group ( Table 1) . The values of baseline lung function did not differ significantly between two groups (Table 2 ). For Xrs and
Rrs, there were no statistical differences in the base pulmonaryfunction indices at various frequencies (15, 20, 25 , and 35 Hz) between the two groups (data not shown).
The bronchial hyperresponsiveness, sensitivity, concentration level and actual cumulative dose were compared (Table 3) . PC80_
Xrs5 and PC40_Rrs5 showed no significant differences between the two groups. However, positive PC80_Xrs5 (≤16 mg/mL) of the classic asthma group was significantly higher than that of the CVA group (P = 0.040).
We also compare the values of DRS of resistance and reactance between the two groups. The mean value of DRS_Xrs5 in the classic asthma group was significantly steeper than that in the CVA group (1.70±0.46 vs. 1.48±0.43, P = 0.040) (Fig. 1) . There was no significant difference in the mean values of DRS_Rrs5 for the CVA subjects and the classic asthma subjects (1.13±0.41 vs. 1.23±0.46, P = 0.342). In addition, there was no significant difference in DRS_ Xrs10 and DRS_Rrs10 between the two groups (P = 0.100 and P = 0.206, respectively).0
DISCUSSION
In this study, we measured the bronchial hyperresponsiveness by various ways between the CVA subjects and the classic asthma subjects. We found that the value of two linear DRS of Xrs5 and Values are presented as the mean± standard deviation.
Xrs5, reactance at 5 Hz; Rrs5, resistance at 5 Hz; Xrs10, reactance at 10 Hz; Rrs10, resistance at 10 Hz; Rfo, resonant frequency; AX, low-frequency reactance area. Values are presented as the mean± standard deviation. Xrs5, reactance at 5 Hz; Rrs5, resistance at 5 Hz.
Fig. 1.
Comparison of dose-response slope of reactance at 5 Hz (DRS_Xrs5) between the cough-variant asthma (CVA) group and the classic asthma group. The mean value of DRS_Xrs5 in the classic asthma group was significantly higher than that in the CVA group (P= 0.04). derived from spirometry and two-point linear DRS are often used as parameters to determine BHR. 14, 21, 22) However, the conventional method is relatively hard to perform in young children and there have been previous studies comparing the conventional method and the IOS method; they suggested various cutoff points (such as PC40_Rrs6, 15) PC70_Rrs12, 23) and PC80_Xrs5 16) for diagnosing asthma as compatible for PC20_FEV1. In this study, we examined PC40_Rrs5 and PC80_Xrs5 in the classic asthma group and the CVA group. The provocative concentration was not significantly different between the two groups. However, the sensitivity of PC80_Xrs5 was significantly higher in the classic asthma group.
Moreover, the two-point linear dose response slope, which is another gold standard determining BHR, was also calculated and the value of reactance at 5 Hz was higher in the classic asthma group than that in the CVA group. This result is comparable to the results by Mochizuki et al. 10) , who suggested another concept of Dmin (minimum dose of Methacholine) and SRs (slope of Methacholine dose-response curve) of resistance corresponding to provocative concentration and two linear DRS. They used 'unit' as the methacholine cumulative concentration; however, it is not actual cumulative dose of methacholine administered into the patient.
Because the concentration of methacholine, method of inhalation, and output of nebulizer are different in previous studies, converting the concentration to actual dose is necessary to compare the results from different studies. Moreover, they only measured the DRS of resistance at 7 Hz. Therefore, it is difficult to compare the results between the study by Mochizuki et al. 10) and our study directly. Despite the methodological differences between the two studies, the result that there was no statistical difference between Dmin in the CVA group and the classic asthma group is compatible to our result. They showed a significant difference in the doseresponse curve of resistance at 7 Hz and sex between the two groups. On the contrary, we calculated the DRS of Rrs and Xrs at various Hz and showed that the DRS of reactance at 5 Hz was best for differentiating the classic asthma from CVA and there was no difference in sex.
Collectively, the reactance at 5 Hz is better than resistance at discriminating between the classic asthma and CVA on bronchial challenge testing using DRS. The mean value of the reactance at 5
Hz in patients with CVA was lower than that in patients with asthma, but there could be some overlaps in values of DRS_Xrs5 between two groups because of similar mechanism underlying CVA and classic asthma. Koh et al. 24) suggested that the level of maximal airway response could be an important risk factor for the future development of classic asthma in patients with CVA, which implies that the CVA patients with higher airway response are more likely to develop classic asthma later in life and the CVA patients with lower airway response are less likely develop classic asthma.
There are some suggestions about the mechanism of lower bronchoconstriction in CVA subjects. The airway inflammation which is one of the common mechanisms underlying both CVA and asthma aggravates BHR and hypersensitivity of cough receptors. 4, 25) Furthermore, the airway remodeling occurred by inflammation might introduce the rigidity of airway walls in CVA subjects. 10 ) Also, CVA is associated with a higher wheezing threshold and a relatively mild degree of maximal airway response at a similar degree of airway sensitivity to methacholine compared to classic asthma. 26) Reactance is a complex concept; it includes forces of inertia and the elastic recoil properties of the lung tissue. Also, it is correlated with peripheral heterogeneity, airway narrowing and airway wall shunting. 27) Therefore, considering the rigidity of airway wall and airway wall shunting caused by widespread peripheral constriction which are related to lung elastance rather than airway caliber, the reactance may be better than resistance at demonstrating the characteristic of CVA.
In conclusion, the present study suggested that the use of DRS is useful for the differential diagnosis of classic asthma and CVA and it is best to measure the reactance at 5 Hz in preschool-aged children. More extensive research focusing on the assessment of asthma severity and the pathophysiology of both asthma and CVA is necessary to determine the clinical significance of Xrs5.
